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PURPOSE 


The  purpose  of  this  program  is  to  study  the  feasibility 
of  a  high-power,  broadband  C-Band  electrostatically  focused 
klystron  suitable  for  use  in  phased  array  systems. 

Specifically,  this  program  will  investigate  the  feasi¬ 
bility  of  employing  higher  perveance  beams  in  ESFK's.  A 
higher  beam  perveance  results  in  better  gain  X  bandwidth  and 
efficiency  X  bandwidth  characteristics  and  in  lower  beam 
voltages  for  a  given  beam  power  level. 


Even  though  the  ultimate  application  for  the  device  is 
in  C-Band,  the  experimental  work  of  this  program  will  be  con¬ 
ducted  in  S-Band  to  utilize  existing  designs  and  test  equip¬ 
ment.  However,  consideration  will  be  given  to  evaluate  all 
the  experimental  results  with  regard  to  C-Band  tubes. 

The  electrical  design  objectives  are  the  following: 


Frequency 

Peak  rf  power  output  (nom) 
Cathode  voltage 
Modulating  anode  voltage 

Beam  perveance 


Gun  perveance 


S-Band 

250  kw 

40  kv  (max. ) 

Variable  between 
30  and  56  kv 

Variable  between 
1.0  x  10~6  to 
2.5'  x  10"6A/V3^2 
1.5  x  10~6Amp/V3/2. 


The  work  prepared  under  this  contract  was  made  possible 
by  the  support  of  the  Advanced  Research  Projects  Agency  under 
Order  No.  436,  under  the  technical  guidance  of  the  United 
States  Army  Electronics  Command. 
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ABSTRACT 


A  periodic  electrostatic  focusing  structure  optimized 
for  a  beam  perveance  of  1.5  x  10  has  been  designed  utillz 
ing  the  resistor  network  analogue  in  conjunction  with  a 
digital  computer.  The  lens  electrodes  are  at  cathode  Poten¬ 
tial  and  are  located  between  each  cavity.  Also  a  1.5  x  10 
perveance  gun  was  designed  with  the  resistor  network.  The 
same  gun  was  checked  by  applying  different  modulating  anode 

voltages . 

Buncher  and  output  cavity  models  have  been  built  and 
cold-tested.  The  design  of  the  experimental  tube  has  been 
completed  and  parts  have  been  ordered. 
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1 . 0  FACTUAL  DATA 


1 . 1  INTRODUCTION 


The  present  program,  a  continuation  of  the  study  of 
high-power  electrostatically  focused  klystrons  was  started  on 
May  1,  1966.  The  primary  goal  of  this  eight-month  program 
is  to  investigate  the  feasibility  of  employing  higher  perve- 
ance  beams  in  ESFK's.  The  klystron  under  development  has  the 
following  design  objectives: 


Frequency 

Peak  rf  power  output 

Cathode  voltage 
Gun  perveance 
Beam  perveance 

Modulating  anode  voltage 


3000  MHz  (nominal) 


Variable  between  approx. 
130  and  320  kw 


40  kv 

1.5  x  10~6A/V3/2 


Variable  between 
10  ^  and  2.5  x  10 


1.0  x 

-6aA3/8 


Variable  between  30  and 
5  6  kv 


Variable  between  8 
and  20  amps . 

10  jjs 
.001 
36  db 

This  report  will  first  discuss  the  general  approach  to 
the  objectives  of  this  program,  then  specific  areas,  such  as 
the  design  of  the  focusing  system,  the  gun  design,  and  cold 
test  of  buncher  and  output  cavity  will  be  discussed  in  detail. 


Beam  current 

RF  pulse  length 

Duty 

Gain 
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1.4  TRCICriCAU  DlitCUSSlOtf 


ThU  pro  gran  la  An  «?-£?*,!  lal  f*  a  l*  ll*  Sp<  %$*\  a 
of  ftppron  ‘h^a  leading  i  in  »v?a  ?4  4«A*i  >ip  a -4  v  r  *  f  *' 

In  existing  hlgh-pow»?r  *!#:tr  atAll^Ally  fpi  .  •*■*  I ii  *  *«,,» 

11  flora.  "Die  HitJll  will  help  V4  Mu  ltd  II?  $ 

of  developing  a  br  adbami  hlgh-f ■;«!'  £SKK  a-n*  llfl«r  l*ag 

In  C-Bnnd. 

The  broadbanding  of  klystron  a,mpl  If  lens  hA*  re  elfed 
oiderablc  attention.  Bteftua#  the  Uaal?  u|v*r«l tng  frSn  lpl» 
of  a  klystron  depends  on  the  us#  of  resonant  jtrw*turos.  ".here 
are  Inherent  bandwidth  1  toil  tat  ions  on  any  klystron  design. 

The  bandv/ldth  of  a  klystron  ar.pl  If  lor  (oe#  pf.  13)  la 
essentially  determined  by  the  h  ^/Q  of  the  output  lr  %’t 
with  the  beam  Impedance  Z^: 


ac  „  !!an 

f  a  Q 


The  beam  Impedance  Z b  is  related  to  the  beam  perveance 
K  and  the  beam  power  N  through  the  following  relation: 


As  one  can  see  from  this  equation,  the  beam  impedance  is  a 
strongly  varying  function  of  the  beam  perveance,  but  varies 
much  less  as  a  function  of  the  beam  power. 

Increasing  the  beam  perveance  is  therefore  a  crucial  de¬ 
sign  consideration  for  broadbanding  klystrons.  A  higher  beam 
perveance  also  has  the  added  advantage  of  reducing  the  required 
beam  voltage  for  a  given  beam  power  level.  A  lower  beam  volt¬ 
age  Is,  of  course,  also  attractive  for  an  ESPK  amplifier,  be¬ 
cause  it  reduces  the  voltage  holdoff  gradient  in  the  focusing- 
lens  housing.  A  lower  beam  voltage  is  also  desirable  from 


w&fo  as .  x-ray  }«w<,  re-doced 
v.-dtagr  gradlmrs  In  iHe  gjm  and  *vn  insulator,  and  lower 
Insulation  r'rfalraMftia  in  the  power  supply.  The  beam  voltage 
\*  ***”  tNtaan  porvr  and  ?he  bean  perveano*  arc  related  by: 

i*/5 

-  (!) 

LSalUllco  on  the  bem  pvrvwancc  nw  imposed  botfi  t-y  tb* 
g«n  <Jea!p  and  U»  focwsSr.**  sy-tm,  in  conventional  magnets- 
k.3y® Crons,  fc*«fti  ^nreanee  value®  -r  up  *,&  3  * 

SO  A/V^?  have  been  ssK««isfuiSy  *sod  villt  solid  beams. 

Tim  highest  bean  pervea^'*"  wbi  has  been  successfully 
used  so  far  with  electros  tali  sc  focusing  is  1  :  10^A/V^, 

This  program  will  therefore  re  primarily  concerned  with  an 

evaluation  of  the  feasibility  of  using  higher  tear-  perreance 
value®  In  E3PJC  amplifiers. 

1.3  CHEER  AL  DESICW  COKSIIKRAnCK? 

A  schematic  layout  of  the  tube  is  shewn  in  Fig,  1.  The 
test  vehicle  is  a  modified  version  of  an  existing  ESPK,  the 
L-3668H.  The  main  difference  will  be  the  addition  of  a  modu¬ 
lating  anode  so  that  the  beam  perveance  can  be  changed  ever 
a  vide  range.  The  design  of  this  experimental  tube  wJS2  be 
optimized  at  a  beam  perveance  of  1.5  3  I0~^k/y^2.  The  gun 
perveance  has  also  been  chosen  as  1.5  x  iO~^A/V'/2 .  T here- 
fore,  for  a  bean  perveance  of  l.S  x  10  A/V^'  ,  the  modulating 

anode  will  be  operated  at  beam  potential.  The  nominal  bean, 
voltage  is  40  kV  and  the  beam  current  for  a  perveance  of 
1.5  x  10-6  is  12  amperes,  correspondingly.  In  the  following 
table,  one  can  see  sooe  of  the  possible  different  operating 
conditions  for  this  tube.  This  tube  will  therefore  allow  a 
detailed  study  of  the  behavior  of  an  ESPK  for  different  bears 
perveance  values. 
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1.4  ELECTRICAL  DESIGN 
1.4.1  Gun  Design 


The  gun  design  is  a  straightforward  electrostatically 
focused  Pierce  type  gun  with  the  following  design  parameters: 


| 

Gun  perveance 
(Mod)  anode  voltage 

Cathode  current 

Beam  power 

Cathode  diameter 

Cathode  area 

Cathode  half-angle 

Beam  diameter  (at 
■lniru*  and  AO  kv) 


1.5  x  10"6A/V3/2 

Variable  from  30.5  to  56  kvj 

40  kv  design  center. 

Variable  between  8  and  20  A 
12  amp.  design  center 

Variable  between  320  and  800  kw. 

1.97  cm 

3.19  cm2 

25° 

.9  cm 


Convergence  ratio  (aiva)  9-0 

Since  tbia  fun  will  be  operated  at  different  *od-anode  voltage*. 
It  la  Important  for  the  electrostatic  focusing  of  the  bea®  after 
it  leave*  the  for.  that  the  location  and  diameter  of  the  bea* 

*?Sr  dura  not  change  euch  as  a  function  of  »od-anode  voltagn, 

Firur*  2  shows  th*  electron  trajectories  for  a  fun  oper¬ 
ating  at  AO  kv  (which  wc  »ld  yield  a  1.5  a  10  per*.  bear). 

Ir  Fig.  J.  the  electron  trajectories  are  shown  for  the  gun 
;  P* rating  at  50  kv,  wbieb  would  rea-.lt  in  a  2.1  a  10  ptrv 
when  the  1  dy  (anode)  voltage  Is  at  *«0  kv.  fey  Ing 

th«a«  two  f?r*.res,  anly  a  negl  igifc  1c-  difference  In  »ir.i**w*  ba*e- 
d»j**s  ter  %'  1  a.tial  ainir  >'•  p  aitirn  ran  it  s*eb. 
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1.4.2  Focusing  Structure 


The  first  elnzel  lens  Is  located  between  mod-anode  and 
first  cavity. 


The  primary  problem  here  Is  to  develop  a  lens  system 
which  focuses  with  the  lens  at  or  close  to  cathode  potential 
beams  of  variable  perveance  (at  least  from  1.5  to  2  g  perv) 
over  a  fixed  lens  period  and  with  a  minimum  of  spherical  ab¬ 
erration.  Of  course,  the  Ions  system  has  also  to  be  compatible 
with  good  rf  interaction  and  bunching  cavity  parameters. 


The  design  of  an  electron-optically  satisfactory  lens 
system,  which  is  consistent  with  good  rf  design  panseter, 
has  beer,  completed.  Plots  of  the  edge  trajectories  are  shown 
in  Figs.  4  and  5.  Four  such  elnzel  lens  systems  will  be  used 
in  this  tube  with  the  first  system  being  located  adjacent  to 
and  upstream  of  the  input  cavity.  The  lens  design  has  iet? 
arrived  at  using  the  Litton  resistance  network  aralogwe  Sr 
conjunction  with  a  high-speed  digital  computer,  ir  both  easts, 
the  lenses  ride  at  cathode  potent  la  1.  figure  a  the  tra¬ 

jectories  in  the  lens  sys tee  when  a  bea~  with  a  bran  p*rtr • 
ance  of  2.1  *  10“^  is  Injected  (this  stars  the  stoduiaiirg 
anode  is  at  a  voltair*  of  50  fcv  with  rtftrenee  to  the  eathe#*). 
Electron  trajectories  are  shown  for  two  different  le  »  dia- 
m ters.  As  ore  can  see  fro*  the  dravif  ,  f  r  the  sea  tier  left 
diaseter,  the  electrons  eee*  to  their  original  aii*eter 
after  a  full  period.  Therefor* ,  the  fee***?  "a?  ay*t«- ••  1 1  t* 

static  cfftr  tany  periods. 


figure  5  ah  lewiir*  ally  the  sat*  as  it*  Tie, 
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•art  detie  for  tfw  *  \»  t  ip  a *  i  ll  v * 
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put  circuit,  Such  a  cavity  has  been  denlgned  and  cold -ton  ted. 
It  In  tunable  fro*  3000  to  3070  Kite  by  rr-cann  ol*  an  Inductive 
tinner,  like  the  one  used  In  the  previous  L-j668H  WJf-klyetroTi. 
The  sennured  H  ^/Q  of  thin  cavity  in  96.3. 

The  loaded  Q  of  the  output  cavity  wan  calculated  by  using 
the  IV>1  lowi  i,$  equation 
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BEAM  SPREAD  CURVE 
(COLLECTOR  REOION) 


1.8  COLIJTCTTOK 


The  na*c  <r  I  Ikci  u*  :  f*  *  * 

except  the  it!  lit*!  c«  t  «:  I  h  «  «  , 

the  r.<_w  profile,  hieh  r  -*-r  p  j#  4#  -'a.  .  ,  . 

lector  in  designed  r  r  5!)  aw  a-rr*,»  f*  *r*t?fwii 

1.9  VOLTA  Cl  HOLD- ?FF  I '*  '-MJX3 
1.9.1  Cun  Heps  or. 

The  chosen  "eiaeie  r  r  U  *  e  *■  t*  t*  *  ,  .  ¥  , 

Irmim  3"  air  gap  be twee;  tf *  Mgr  ^  t  -  t  ^ 

ground.  The  ceraslc  surface  U  MfiltM  y  £**«;*■  »•  * 
fectivc  path  length  of  app  1?  u*iy  S  *■,  ■  *»  , 

length  should  be  Adequate  t  fc*H  ff  *.  *  vir 

voltage  of  AO  kv. 


1.9.2  Hcdu.atlr.g  A?  oog  %fln_ 

The  sodulatlng  a?  U  *  ns  wo  *i*  *,*•  *  *,  , 

using  three  nuJitti  ccriv '  *  ^  t? v  <  .  ..  . 

length  of  .  *50  inch,  A  **v>  ^  ?*«> i  •  *  -  ■  *-  -  *  - ;  ;  **  Mh(  . 

to  allow  chancing  of  the  voltage,  *%!•* *  *•;:  »•  yip*  4^ 
to  *16  kv  in  nt  Telenet  M  gro«Ml.  IVr*  ■*»*  <%«  i>«»4 
Identical  to  a  regular  lam  fM  *«n  la  l*c  uchi  * 
operated  at  a  voltage  of  *p  M  $0  It),  tm  b|l*aft'  jpftlaM 
arc  expected.  The  voltage  gras?  S«  IMV1**  J  *  ,  •  j 

of  the  gun  ar.d  the  sod  elating  a  w  ip  5*  u«  ram  <*** 

350  V/sr.1  1  when  *•  delating  *'  *  r#  *?.  -4  rf  *  * 

cathode.  Again,  this  has  1  ?<■  ft  gfvrte^  ^  jt <|  y 

be  an  acceptable  vah«'. 


1.9.3  Lt nj  Hr  r  i 


The  line  ring 
a  naxiaom  voltage 

and  cavity  wall. 


to  1  0 Jr  V  t*44  <  f*  •  “  ►  ,  h 

f.'adifM  r  f  f/sil  I*  ttw**  *  * 

D  »  t  a**i*-trr?  *t  **«  h  #  ,  3t* 


* 


* 


*  * 


H 


»•  tea,  u*:a  ttlUf*  i  *!  1 1  M  Ttw 

m**l*  vtj I rw)U?.".  Jr  Uw  i-U  »*J  \  1  ?’tr  i®*** 

lenu  n  a  iHt  r«*u  ihr  i|«  i^.  lif-c«s  s**  >r  **»• 

r  !.a .  -*,  r  i%tlta  v  I  *?  rr  c^'  1  iv  r*  )*  f  *ltr  \*  +  *  tv*4 

Ja  •  .0,  tfbt'b  t*  **ry  S  #*•  \  ib  p\l*  "  n'. S  (I.  )  f  r 

vo i u*o  t  ia-irr.  volt***  *i  »*%"#*  i  t*» 


TlftJa  vdtU|i  £fSMlJ*  rl  U,  *  Vho«f*i  s  *  *  *i  Ml<b#  itSIS 
!»t*r  Jlfti  IM  r*  ujhn)  If  L*^  4  t  I'*  tSf'K. 


* 


* 


$.0  KV  AXP  CJfcCLC3l-Kn 


1.  *  I**A  4yai*  *wm  k**»  *i# ft ^ f* « ft  r  m  \«*  j’lh  a 

f*rW*  (r  f  S  ,t  *  10’^A/Y  '  I?  *'r  »t  A  r  lh*  !.!  I  l  I  «lv  rfc 
ft  ft I  -  ft  i  lb*  H5r Hi  ftjv-tt  otglul  «*ft  Are  ro!«..  l 

H»>  "  *1/  pi  li,  111#-  ‘ft  r  4Jf2',r  *4  ft.  4  A'-SlftUS#  f  I*  l»A*  a#  S  111 

*  l**  f  ft  r  ».l  #  lO’^A  7h*  l*i*4»  tyiU*’ 

54  *!r.«-  V  «5ili  good  rf  o*ntgr  ffci"  lb*  ti.w. 

< .  ft  5.5  *  30“  ponbtar**  ft®  re#  ?yp^  fur  *ft»  <)*«’.  gr  ed 
ft*d  ffeg  mjic'tiirSiii  wn  rb«r»*ft  *i  elffs^rv  volUfia. 

.  Tift*  I  .  fv«r  «tlSfS  Mv*  U*«s«  d#ft»£r#e  ftj-d  rold- 
5*4**-  '*. 

.  A  *5fafl*  *:ftp  ip  . I  "ft v Sly  Ifts  l#*r  desSgred  and 
-  td-lr  tl*d. 

L.  'Ttm  s*eN»»  5r.il  dt4lgr  or  tht  U*t  lute  ha*  fc#tn 
p  *1#  U  d**ftSI  drftdtttg*  lift *.*ft  fc**r,  *ade  ard  all  pans  hav® 
t*-*  rd*r«d. 
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5-0  jy<SUWi  JMUBC_4aiCT?! 

I.  A  ffuii  »  ly  nil!  ir  -A-U  *!«i  !(»>  iK*t<r  |»wr  m- 

j4i  "M'  At*  1 1  *«  «r7n  ,  j  *,n  t  it))  jar, 

*•  ?h*>  !  ,t<  frUJ  **  5n4  tWMlfiiU  7to» 

id  t  re*ay  l*cr  n  *.  ’  at  *.n  ?ii«i  last  ■»  nib  f  *h<* 

»■  *  mi  fitftrivr. 

Ftrih^r  *.V  rot  teal  cidKs  »f  ih#  rocustnf  for 

different  b<?*«  fltrinumw li  valuta  will  be  *w»iCy, 

to,  Studies  of  the  rf  behavior  f  electrostatic*! ly  fo^ua- 
cU  bcirvs  a  function  of  beans  perveanc*  will  be  ?*de. 

H-°  AI>HU(ISTRATIVE  IitTORMATIOM 

The  number  of  scientific  and  engineering  manhours 
expended  during  the  reporting  period  are  as  follows: 


Dr.  0.  E.  Pokorny  ......  69  hours 

Dr.  A.  J.  Pronner . 41  hours 

Mr.  H.  T.  Luchslnger . 158  hours 

Mr.  C.  K.  Whittaker . 89  hours 

Mr,  A.  H.  Zanotti  ......  78  hours 

Mr.  E.  K.  Shaw  . 32  hours 

Miss  P.  A.  Vartanian . 38  hours 

Total  505  hours 


This  report  period  Included  a  two  week  vacation  shut-down 
of  the  facilities. 

On  May  3a  1966,  Mr.  Park  Richmond,  ECOM  Project  Engineer 
visited  this  facility.  The  overall  program  plan  for  the  sub¬ 
ject  contract  and  details  of  the  technical  approach  were  dis¬ 
cussed  between  him  and  Messrs.  H.  Luchslnger,  G.  Pokorny,  and 
A.  Prommer  of  the  Research  Department. 
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A  periodic  electrostatic  focusing  structure  optimized 
for  a  beam  perveance  of  1.5  x  10“^  has  been  designed  utilizing 
the  resistor  network  analogue  in  conjunction  with  a  digital 
computer.  The  lens  electrodes  are  at  cathode  gotential  and  are 
located  between  each  cavity.  Also  a  1.5  x  10”  perveance  gun 
was  designed  with  the  resistor  network.  The  same  gun  was  checked 
by  applying  different  modulating  anode  voltages. 

Buncher  and  output  cavity  models  have  been  built  and  cold- 
tested.  The  design  of  the  experimental  tube  has  been  completed 
and  parts  have  been  ordered. 
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